INTRODUCTION
In order to achieve optimized plant growth, it is essential to control the environment optimally, taking the physiological status of the plant into consideration. Measurement of the plant responses and control based on physiological information are major tasks for optimization. Two approaches to achieve this objective are the SPA and the SFA. A skilled grower is able to deal well with plants based on his intuition and experience, often talking literally with them. It is, however, difficult for people who have no skill or experience in cultivation to grow plants well. The concept of SPA offers them the possibility for better cultivation. H. Murase (Osaka Prefecture University) and S. Shibusawa (Tokyo University of Agriculture and Technology) rapidly followed suit and introduced SPA into their approaches, too.
(3) Third stage (Intelligent approaches)
Most plant responses such as photosynthetic rate or transpiration rate, as affected by environmental factors, are characterized by complexity and uncertainty. It is, therefore, difficult to utilize these complex responses for the optimal control of the cultivation process.
In contrast, intelligent approaches (neural networks, genetic algorithms, and others) have the scientific capacity to deal with even a complicated plant response. They have been widely applied to the control of complex systems to which conventional mathematical approaches are not easily applied. Neural networks have the capability of identifying complex systems with their own high learning abilities. The genetic algorithm can search for an optimal value of a complex objective function by simulating the biological evolutionary process, based on crossover and mutation in genetics.
From these foundational findings, I applied intelligent approaches to the identification and optimization of plant responses after 1990 (Morimoto et al., 1995 (Morimoto et al., , 1996 (Morimoto et al., , 2000a (Morimoto et al., , 2000b (Morimoto et al., and 2003a (Morimoto et al., , 2003b . The use of intelligent approaches significantly promoted and improved my research findings.
(4) Fourth stage (SFA: speaking fruit approach) et al., 1995, 1996 and 1997a ).
An SPA (or SFA)-based intelligent control system I have developed an SPA (or SFA)-based intelligent control system for realizing the optimized control of plant responses during cultivation (or of fruit responses during storage) (Morimoto et al., 1995 (Morimoto et al., , 1996 (Morimoto et al., , 1997a (Morimoto et al., and 1997b . It consists of a decision system and a feedback control system. The decision system, consisting of neural networks and genetic algorithms, determines the optimal set point trajectory of the environmental factors as the control input. Then, the feedback control system controls the environment optimally according to the optimal set points. In the decision system, the plant responses as affected by the environmental factors are first identified using the neural network. Then the optimal l-step set points of the environmental factors that maximize (or minimize) the objective function are searched for through simulation of the identified neural-network model using the genetic algorithm.
It can be found that if these two procedures (identification and the search for an optimal value) are periodically repeated during the cultivation (or storage) process to adapt to the time variation of the physiological status of the plant, then both optimization and adaptation can be fully satisfied.
Application to cultivation processes
The SPA-based intelligent control technique was applied to two optimization problems in hydroponic cultivation. The first was the optimization of the intermittent water supply and drainage which maximizes the net photosynthetic rate of the plant (Morimoto et al., 1995) . A slight increase in the net photosynthetic rate was found during the first 5 min after drainage. It decreased later as water stress progressed, implying that optimal drainage and supply times exist. The optimal 4-step drainage and supply operation (4-min drainage; 8-min supply; 4-min drainage; 2-min supply) obtained in this study markedly increased the net photosynthetic rate of tomato plants. The second was the optimization of the nutrient concentration of the solution to promote the reproductive growth of the tomato during the seedling stage (Morimoto et al., 1996) . Conventionally, Vol. 43, No. 4 (2005) (59)301 skilled growers usually increase the nutrient concentration as the plants grow. The optimization problem here is to determine the optimal l-step set points of the nutrient concentration that optimizes the balance between vegetative and the reproductive growth. The objective function was given by the ratio of total leaf length to stem diameter (TLL/SD) to predict the future balance between the two growths only during the seedling stage. The optimal value (4-step set points of the nutrient concentration) markedly increased the TLL/SD compared to conventional methods. Good seedlings were obtained, giving better future reproductive growth. 
CONCLUSIONS: THE FUTURE
Plant control systems are quite complex and uncertain. I developed an SPA (or SFA)-based intelligent control technique combined with neural networks and genetic algorithms in order to deal well with such complex responses systematically and to realize the optimization of plant production processes. This technique allowed the optimal value (optimal l-step set points of the environment) to be successfully obtained. An optimal value obtained from this technique was given by the setpoint profile (time series) of the environmental factor, and not just by a constant, single one.
The results obtained from the accumulated results of my study are very useful for realizing the optimization of plant production processes and yielding higher quality plants (or fruits) under an artificial environment, especially in plant and storage factories. 302 (60) 
